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1
PROCESS FOR THE PREPARATION OF
VORINOSTAT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/124,337, filed Apr. 14, 2011, and assigned a 371
Completion Date of Jul. 12, 2011, which is a Section 371
National Stage Application of International Application No.
PCT/GB2009/051376, filed Oct. 14, 2009 and published as
WO 2010/043904 A2 on Apr. 22, 2010, which claims priority
from IN Patent Application No. 1746/KOL/2008, filed Oct.
15, 2008, the contents of which are incorporated herein in
their entirety for all purposes.

FIELD OF THE INVENTION

The present invention relates to an improved process for
the preparation of the active pharmaceutical ingredient vori-
nostat. In particular it relates to a process for preparing vori-
nostat substantially free from impurities.

BACKGROUND OF THE INVENTION

Vorinostat, represented by structural formula (I) and
chemically named as N-hydroxy-N'-phenyl-octanediamide
or suberoylanilide hydroxamic acid (SAHA), is a member of
a larger class of compounds that inhibit histone deacetylases
(HDAC). Histone deacetylase inhibitors (HDI) have a broad
spectrum of epigenetic activities and vorinostat is marketed,
under the brand name Zolinza®, for the treatment of a type of
skin cancer called cutaneous T-cell lymphoma (CTCL). Vori-
nostat is approved to be used when the disease persists, gets
worse, or comes back during or after treatment with other
medicines. Vorinostat has also been used to treat Sézary’s
disease and, in addition, possesses some activity against
recurrent glioblastoma multiforme.
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Vorinostat was first described in U.S. Pat. No. 5,369,108,
wherein four different synthetic routes for the preparation of
vorinostat are disclosed (Schemes 1 to 4).

The single step process illustrated in Scheme 1 involves
coupling of the diacid chloride of suberic acid with aniline
and hydroxylamine hydrochloride. However, the yield of this
reaction is only 15-30%.

Scheme 1
Cl (CHy)s Cl
D G
NH, O O
KOH, THF,
H,N—OHHC] ——
RT, 30 min
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The multistep process illustrated in Scheme 2 begins with
the monomethy! ester of suberic acid, which undergoes con-
version to the corresponding acid chloride. Further coupling
with aniline gives the methyl ester of suberanilic acid.
Hydrolysis of the ester and further coupling with benzyl
protected hydroxylamine gives benzyl protected vorinostat
which on deprotection gives vorinostat.

Scheme 2

\"/ (CHy)s

DMF benzene,
RT overnight
\"/(CHZ)G\”/

NH,
—_—
pyridine, RT, 1 hour

(ii) PdA—C, ~50 psi H,

CH2)5 OMe
KOH
—_—
O
(i) HLN—OBn,DCC,
CH OH pyridine, RT,
©/ ( 2)6 overnight

(CH,)s NHOH

%zr

In addition to the disadvantage of being a five-step process
with overall yields reported as 35-65%, this process suffers
from further disadvantages such as the use of the expensive
monomethyl ester of suberic acid.

Scheme 3
Cl (CHy)e Cl
S A
NH, e} e}
(i) pyridine, MeOH,
RT, overnight
H,N—OBn

(i)Pd—C,
~50 psi Hp
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-continued
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N\”/(CHZ)5 \"/NHOH
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The two step process illustrated in Scheme 3 involves
coupling of the diacid chloride of suberic acid with aniline
and O-benzyl hydroxylamine and then deprotection. How-
ever, the overall yield of this reaction is only 20-35%.

Scheme 4
Cl Cl

(CHa)s
) \"/ \”/ )
(@] (@]

(i) NEt3;, CHCl3,
RT, overnight

NH,

H,N—OTMS
(ii) deprotection

a
N\”/(CHZ)5 \"/NHOH
T
oy

The process illustrated in Scheme 4 is similar to that illus-
trated in Scheme 3, with the exception that O-trimethylsilyl
hydroxylamine was used instead of O-benzyl hydroxy-
lamine. The overall yield of this reaction is reported as
20-33%.

Another process for the preparation of vorinostat has been
reported in J. Med. Chem., 1995, vol. 38(8), pages 1411-
1413. The reported process, illustrated in Scheme 5, begins
with the conversion of suberic acid to suberanilic acid by a
high temperature melt reaction. Suberanilic acid is further
converted to the corresponding methyl ester using Dowex
resin and the methyl ester of suberanilic acid thus formed is
converted to vorinostat by treatment with hydroxylamine
hydrochloride. However, this process employs high tempera-
tures (190° C.) in the preparation of vorinostat which adds to
the inefficiency and high processing costs on commercial
scale. The high temperatures also increase the likelihood of
impurities being formed during manufacture and safety con-
cerns. The overall yield reported was a poor 35%.

Scheme 5
CH.
(CHy)s 1900
10 min
CH.
\”/( 2)6\”/ MeOH Dowex,
22 hours
CH NH,OH<HCI,
\”/ (CHy)s \"/ M <O

NaOMe
26 hours
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Another process for the preparation of vorinostat has been
reported in OPPI Briefs, 2001, vol. 33(4), pages 391-394. The
reported process, illustrated in Scheme 6, involves conversion
of'suberic acid to suberic anhydride, which on treatment with
aniline gives suberanilic acid. Coupling of this suberanilic
acid with ethyl chloroformate gives a mixed anhydride which
upon treatment with hydroxylamine gives vorinostat in an
overall yield of 58%. In the first step, there is competition
between the formation of suberic anhydride and the linear
anhydride and consequently isolation of pure suberic anhy-
dride from the reaction mixture is very difficult. This process
step is also hindered by the formation of process impurities
and competitive reactions. In the second step, there is forma-
tion of dianilide by reaction of two moles of aniline with the
linear anhydride. In the third step, suberanilic acid is an
inconvenient by-product as the suberanilic acid is converted
to a mixed anhydride with ethyl chloroformate, which is
highly unstable and is converted back into suberanilic acid.
Consequently, it is very difficult to obtain pure vorinostat
from the reaction mixture. Although the reported yield was
claimed to be 58%, when repeated a yield of only 38% was
obtained.

Scheme 6

(CHog ACZO reflux,

REas

1 hour

NH
THF RT, 30 min

Cl—CO—OFt,
TEA
THF, 0° C.,
O 10 min

CHz)s

CHZ)

O O

OEt  NH,OH, MeOH,

—_— -

RT
u
N\[r

0

@

(CH,)s NHOH
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A further process for the preparation of vorinostat has been
reported in J. Med. Chem., 2005, vol. 48(15), pages 5047-
5051. The reported process, illustrated in Scheme 7, involves
conversion of monomethyl suberate to monomethyl subera-
nilic acid, followed by coupling with hydroxylamine hydro-
chloride to afford vorinostat in an overall yield of 79%. How-
ever, the process uses the expensive monomethyl ester of
suberic acid as starting material.
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Scheme 7

TOMe
e}

HO\“/ (CHy)s
0

HOBt, DCC,
DMF, RT, 4 hours

NHZOH +HCl,

(CHa)e
\"/ \ﬂ/ MeOH RT,
1 hour
\“/(CHZ)G \"/NHOH
Y™

In conclusion, the major disadvantages of the processes
disclosed in the prior art for the preparation of vorinostat can
be summarised as follows:

The reaction schemes can involve lengthy process steps to

obtain vorinostat and/or are low yielding.

The reagents used in the processes can be very expensive

and not cost effective for commercial manufacture.

The product is obtained only after column chromatography

or extensive purification steps and this reduces the over-
all yield and puts severe restrictions on the feasibility of
the process for scale-up to commercial production.

All the processes generally require isolation and/or purifi-

cation of reaction intermediates.

In view of the importance acquired by vorinostat for the
treatment of cancer, there is a great need for developing an
alternative, relatively simple, economical and commercially
feasible process for the synthesis of vorinostat with commer-
cially acceptable yield and high purity.

The present inventors have surprisingly found that vori-
nostat can be prepared with very high purity employing a
simple, efficient process starting with the readily available
precursor suberic acid.

OBIJECT OF THE INVENTION

It is therefore an object of the present invention to provide
a simple, economical and commercially feasible process for
the synthesis of high purity vorinostat with commercially
acceptable yield.

SUMMARY OF THE INVENTION

The term “vorinostat” as used herein throughout the
description and claims means vorinostat and/or any salt, sol-
vate or polymorph thereof.

For the purposes of the present invention, a compound is
“substantially pure” if it comprises less than 1% impurity by
HPLC, preferably less than 0.5%, preferably less than 0.3%,
preferably less than 0.2%, preferably less than 0.1%.

The present invention provides an efficient and economical
synthesis of vorinostat which is high yielding and affords the
product with very high purity on a commercial scale, whilst
avoiding the need for cumbersome purification techniques of
the final product or of any synthetic intermediates.
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A first aspect of the present invention provides a process for
the preparation of vorinostat comprising:

(a) reacting suberic acid with aniline, or a salt thereof, to
form suberanilic acid; and

(b) reacting the suberanilic acid formed in step (a) with
hydroxylamine, or a salt thereof.

Preferably, the process according to the first aspect of the
present invention comprises the use of a coupling agent in
step (a). Preferably, the coupling agent in step (a) is not a
haloformate. Preferably, the coupling agent in step (a) is
selected from a carbodiimide, a 1,1'-carbonyl compound, or a
mixture thereof. Preferably, the coupling agent in step (a) is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride (water soluble carbodi-
imide hydrochloride, WSC.HCD); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof.

Most preferably, the coupling agent in step (a) is a mixture
of'1,3-dicyclohexylcarbodiimide (DCC) and 1,1'-carbonyldi-
imidazole (CDI). Preferably, the mixture of CDI and DCC
used in step (a) is in a molar ratio range of 0.1:10 to 10:0.1
CDIL:DCC, more preferably in amolar ratio range of 1:5t0 5:1
CDIL:DCC, even more preferably in a molar ratio range of 1:2
t0 2:1 CDI:DCC, and most preferably in a molar ratio of about
1:1.6 CDL:DCC.

Preferably, the total amount of coupling agent used in step
(a) with respect to the suberic acid is between 1 to 5 molar
equivalents, more preferably between 1 to 3 molar equiva-
lents, even more preferably between 1 to 1.5 molar equiva-
lents, and most preferably is about 1.3 molar equivalents.

Preferably, in a process according to the first aspect of the
present invention, step (a) is carried out in an organic solvent,
preferably where the organic solvent is selected from dimeth-
ylformamide (DMF), tetrahydrofuran (THF), dichlo-
romethane (DCM), acetonitrile, 1,2-dichlorobenzene, etha-
nol or mixtures thereof. Most preferably, the organic solvent
used in step (a) is THF.

Preferably, the total amount of aniline, or its salt, used in
step (a) of the process of the first aspect of the present inven-
tion, with respect to the suberic acid is about 1 molar equiva-
lent.

Preferably, in a process according to the first aspect of the
present invention, step (a) is carried out at a temperature of
between 10-60° C., more preferably at a temperature of
between 15-40° C., and most preferably at a temperature of
between 25-30° C.

Preferably, the process according to the first aspect of the
present invention comprises the use of a coupling agent in
step (b). Preferably, the coupling agent in step (b) is not a
haloformate. Preferably, the coupling agent in step (b) is
selected from a carbodiimide, a 1,1'-carbonyl compound, or a
mixture thereof. Preferably, the coupling agent in step (b) is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride (water soluble carbodi-
imide hydrochloride, WSC.HCD); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof. Most
preferably, the coupling agent in step (b) is 1,1'-carbonyldi-
imidazole (CDI).

Preferably, the total amount of coupling agent used in step
(b) with respect to the suberanilic acid is between 1 to 5 molar
equivalents, more preferably between 1 to 3 molar equiva-
lents, and most preferably is about 2 molar equivalents.

Preferably, in a process according to the first aspect of the
present invention, step (b) is carried out in an organic solvent,
preferably where the organic solvent is selected from dimeth-
ylformamide (DMF), tetrahydrofuran (THF), dichlo-
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romethane (DCM), acetonitrile, 1,2-dichlorobenzene, etha-
nol or mixtures thereof. Most preferably, the organic solvent
used in step (b) is DMF.

Preferably, in a process according to the first aspect of the
present invention, in step (b), hydroxylamine is used in the
form of a salt, most preferably the hydrochloride salt.

Preferably, the total amount of hydroxylamine, or its salt,
used in step (b) of the process of the first aspect of the present
invention, with respect to the suberanilic acid is between 1 to
10 molar equivalents, more preferably between 1 to 6 molar
equivalents, even more preferably between 2 to 5 molar
equivalents, and most preferably is about 4 molar equivalents.

Preferably, in a process according to the first aspect of the
present invention, step (b) is carried out at a temperature of
between 10-60° C., more preferably between 15-40° C., and
most preferably between 25-30° C.

Preferably, in a process according to the first aspect of the
present invention, step (a) and step (b) are carried out in the
same organic solvent; preferably selected from dimethylfor-
mamide (DMF), tetrahydrofuran (THF), dichloromethane
(DCM), acetonitrile, 1,2-dichlorobenzene, ethanol, or a mix-
ture thereof;, more preferably selected from THF, DMF, or a
mixture thereof.

Preferably, in a process according to the first aspect of the
present invention an activating agent is used in step (a) and/or
step (b). Preferably, the activating agent is selected from
cyanuric chloride, cyanuric fluoride, catecholborane, or a
mixture thereof. The activating agent is preferably used in
combination with the coupling agent.

A second aspect of the present invention provides a process
for the preparation of vorinostat comprising:

(a") reacting suberic acid with hydroxylamine, or a salt
thereof, to form N-hydroxy-7-carboxy-heptanamide; and

(b") reacting the N-hydroxy-7-carboxy-heptanamide
formed in step (a') with aniline, or a salt thereof.

Preferably, the process according to the second aspect of
the present invention comprises the use of a coupling agent in
step (a'). Preferably, the coupling agent in step (a') is not a
haloformate. Preferably, the coupling agent in step (a') is
selected from a carbodiimide, a 1,1'-carbonyl compound, or a
mixture thereof. Preferably, the coupling agent in step (a') is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride (water soluble carbodi-
imide hydrochloride, WSC.HCD); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof. Most
preferably, the coupling agent in step (a') is 1,1'-carbonyldi-
imidazole (CDI).

Preferably, the total amount of coupling agent used in step
(a') with respect to the suberic acid is between 1 to 5 molar
equivalents, more preferably between 1 to 3 molar equiva-
lents, even more preferably between 1 to 1.5 molar equiva-
lents, and most preferably is about 1.3 molar equivalents.

Preferably, in a process according to the second aspect of
the present invention, step (a') is carried out in an organic
solvent, preferably where the organic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (THF), dichlo-
romethane (DCM), acetonitrile, 1,2-dichlorobenzene, etha-
nol or mixtures thereof. Most preferably, the organic solvent
used in step (a') is DMF.

Preferably, in a process according to the second aspect of
the present invention, in step (a'), hydroxylamine is used in
the form of a salt, most preferably the hydrochloride salt.

Preferably, the total amount of hydroxylamine, or its salt,
used in step (a') of the process of the second aspect of the
present invention, with respect to the suberic acid is about 1
molar equivalent.
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Preferably, in a process according to the second aspect of
the present invention, step (a') is carried out at a temperature
of between 10-60° C., more preferably between 15-40° C.,
and most preferably between 25-30° C.

Preferably, the process according to the second aspect of
the present invention comprises the use of a coupling agent in
step (b'). Preferably, the coupling agent in step (b') is not a
haloformate. Preferably, the coupling agent in step (b') is
selected from a carbodiimide, a 1,1'-carbonyl compound, or a
mixture thereof. Preferably, the coupling agent in step (b') is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride (water soluble carbodi-
imide hydrochloride, WSC.HCD); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof.

Most preferably, the coupling agent in step (b') is a mixture
of'1,3-dicyclohexylcarbodiimide (DCC) and 1,1'-carbonyldi-
imidazole (CDI). Preferably, the mixture of CDI and DCC
used in step (b') is in a molar ratio range of 0.1:10 to 10:0.1
CDIL:DCC, more preferably in amolar ratio range of 1:5t0 5:1
CDIL:DCC, even more preferably in a molar ratio range of 1:2
t0 2:1 CDI:DCC, and most preferably in a molar ratio of about
1:1.6 CDL:DCC.

Preferably, the total amount of coupling agent used in step
(b") with respect to the N-hydroxy-7-carboxy-heptanamide is
between 1 to 5 molar equivalents, more preferably between 1
to 3 molar equivalents, even more preferably between 1 to 1.5
molar equivalents, and most preferably is about 1.3 molar
equivalents.

Preferably, in a process according to the second aspect of
the present invention, step (b') is carried out in an organic
solvent, preferably where the organic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (THF), dichlo-
romethane (DCM), acetonitrile, 1,2-dichlorobenzene, etha-
nol or mixtures thereof. Most preferably, the organic solvent
used in step (b') is THF.

Preferably, the total amount of aniline, or its salt, used in
step (b") of the process of the second aspect of the present
invention, with respect to the N-hydroxy-7-carboxy-heptana-
mide is between 1 to 10 molar equivalents, more preferably
between 1 to 6 molar equivalents, and most preferably
between 1 to 2 molar equivalents.

Preferably, in a process according to the second aspect of
the present invention, step (b') is carried out at a temperature
of between 10-60° C., more preferably at a temperature of
between 15-40° C., and most preferably at a temperature of
between 25-30° C.

Preferably, in a process according to the second aspect of
the present invention, step (a') and step (b') are carried out in
the same organic solvent; preferably selected from dimethyl-
formamide (DMF), tetrahydrofuran (THF), dichloromethane
(DCM), acetonitrile, 1,2-dichlorobenzene, ethanol, or a mix-
ture thereof; more preferably selected from THF, DMF, or a
mixture thereof.

Preferably, in a process according to the second aspect of
the present invention an activating agent is used in step (a')
and/or step (b"). Preferably, the activating agent is selected
from cyanuric chloride, cyanuric fluoride, catecholborane, or
a mixture thereof. The activating agent is preferably used in
combination with the coupling agent.

Preferably, the process according to the first or second
aspect of the present invention is carried out at a temperature
of'less than 170° C., preferably less than 130° C., preferably
less than 100° C., more preferably less than 70° C.

Preferably, any reaction intermediates of the process
according to the first or second aspect of the present invention
are not purified. Preferably, the process according to the first
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or second aspect of the present invention is carried out with-
out isolating any reaction intermediates.

Preferably, the process according to the first or second
aspect of the present invention is carried out without the use of
chromatography.

Preferably, the process according to the first or second
aspect of the present invention is carried out on an industrial
scale, preferably to obtain vorinostat in batches of 100 g, 500
g, 1 kg, 5 kg, 10 kg, 25 kg or more.

Preferably, the vorinostat is obtained in a yield of 30% or
more, preferably 40% or more, preferably 45% or more,
preferably 50% or more, from suberic acid.

Preferably, in a process according to the first or second
aspect of the present invention, vorinostat is obtained with an
HPLC purity of more than 99%, more preferably vorinostat is
obtained with an HPL.C purity of more than 99.5%, even more
preferably vorinostat is obtained with an HPLC purity of
more than 99.8%, and most preferably vorinostat is obtained
with an HPLC purity of more than 99.9%.

In a third aspect of the present invention, there is provided
vorinostat as prepared according to a process according to the
first or second aspect of the present invention.

In a fourth aspect of the present invention, there is provided
substantially pure vorinostat as prepared according to a pro-
cess according to the first or second aspect of the present
invention.

In a fifth aspect of the present invention, there is provided
substantially pure vorinostat.

Preferably, the vorinostat according to the third, fourth or
fifth aspects of the present invention is suitable for use in
medicine, preferably for treating cancer, preferably skin can-
cer, more preferably cutaneous T-cell lymphoma (CTCL).

In a sixth aspect of the present invention, there is provided
a pharmaceutical composition comprising the vorinostat
according to the third, fourth or fifth aspects of the present
invention. Preferably, the pharmaceutical composition
according to the sixth aspect of the present invention is suit-
able for treating cancer, preferably skin cancer, more prefer-
ably cutaneous T-cell lymphoma (CTCL).

In a seventh aspect of the present invention, there is pro-
vided the use of the vorinostat according to the third, fourth or
fifth aspects of the present invention and the use of the phar-
maceutical composition according to the sixth aspect of the
present invention, in the manufacture of a medicament for the
treatment of cancer. Preferably the medicament is suitable for
the treatment of skin cancer, most preferably the treatment of
cutaneous T-cell lymphoma (CTCL).

In an eighth aspect of the present invention, there is pro-
vided a method of treating cancer, comprising administering
to a patient in need thereof a therapeutically effective amount
of the vorinostat according to the third, fourth or fifth aspects
of'the present invention or a therapeutically effective amount
of the pharmaceutical composition according to the sixth
aspect of the present invention. Preferably, the method is for
the treatment of skin cancer, most preferably the treatment of
cutaneous T-cell lymphoma (CTCL). Preferably, the patient
is a mammal, preferably a human.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have surprisingly found that vori-
nostat can be prepared with commercially acceptable yield
and purity employing an extremely convenient process start-
ing from suberic acid.

The present inventors explored the idea of reacting suberic
acid directly and sequentially with aniline and hydroxy-
lamine, in either order. The present inventors found that this
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direct reaction was possible using coupling agents for selec-
tive activation of the carboxyl functional groups in suberic
acid. Surprisingly, the direct reactions were high yielding and
afforded intermediates and products with very high purity.

Suberanilic acid was prepared by the direct reaction of
suberic acid and aniline, very efficiently with good yields and
purity, using coupling agents such as 1,3-dicyclohexylcarbo-
diimide (DCC); 1,1'-carbonyldiimidazole (CDI); 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride (water
soluble carbodiimide hydrochloride, WSC.HCI); 1,3-diiso-
propylcarbodiimide (DIC); or a mixture thereof.

Surprisingly, it was found that the use of 1,3-dicyclohexy-
Icarbodiimide (DCC) and 1,1'-carbonyldiimidazole (CDI) in
combination for the coupling of suberic acid and aniline
controlled the formation of impurities to afford a very pure
product and suberanilic acid was obtained with high yield
(60-65%) and very high purity (typically greater than 99.5%
as measured by HPLC).

In a second stage, initial attempts to convert suberanilic
acid to vorinostat by using prior art methods such as reacting
suberanilic acid with methyl chloroformate and hydroxy-
lamine afforded poor yields and high levels of impurities.
Consequently, even with repeated purification, the ICH con-
trolled impurity profile for vorinostat could not be obtained.

However, the present inventors found that they could con-
trol impurity formation, in the conversion of suberanilic acid
to vorinostat, by using coupling agents such as CDI, DCC,
WSC.HCI or DIC to yield vorinostat with very high purity
(typically greater than 99.5% as measured by HPLC).

Therefore, in a preferred embodiment, the present inven-
tors have found that suberanilic acid can be reacted with
commercially available hydroxylamine hydrochloride, using
a coupling agent such as CDI, in a polar solvent such as DMF
or THF, to afford vorinostat having a purity of greater than
99.5%.

Preferably, the vorinostat prepared by the process accord-
ing to the present invention can be further purified by crys-
tallization from a suitable solvent or mixture of solvents.

A preferred embodiment of the first aspect of the present
invention is illustrated in Scheme 8.

Scheme 8

NH,

_— =

DCC, CDI

HO\”/ (CHy)g \”/OH
0 0

suberic acid

i
N\”/ (CHa)g oH
O/ 0 0

suberanilic acid

i
NT(CHZ)G \ﬂ/NHOH
Y™

suberoylanilide hydroxamic acid (I)

NH,OH-HCL, CDI
_—  »

Optionally, an activating agent can be used in step (a)
and/or step (b) to afford products with high yields and purity.
Preferably, the activating agent is selected from cyanuric
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chloride, cyanuric fluoride, catecholborane, or a mixture
thereof. The activating agent is preferably used in combina-
tion with the coupling agent.

A preferred embodiment of the process according to the
first aspect of the present invention comprises the following
steps:

(1) taking a mixture of THF, CDI and DCC;

(ii) adding suberic acid;

(iii) adding aniline in THF to the solution from step (ii);

(iv) stirring at 25-30° C.;

(v) filtering off the solid dicyclohexyl urea formed in the
reaction;

(vi) concentrating the filtrate in vacuo;

(vii) adding a solution of KOH in water;

(viil) filtering off the solid by-product;

(ix) heating the filtrate;

(x) adding aq. HCL;

(xi) isolating suberanilic acid;

(xil) mixing the suberanilic acid and CDI in DMF;

(xiii) adding hydroxylamine hydrochloride as solid to the
mixture from step (xii);

(xiv) isolating vorinostat from the mixture obtained in step
(xiii);

(xv) adding acetonitrile and aq. ammonia to the vorinostat
from step (xiv);

(xvi) heating the mixture;

(xvii) cooling the mixture to 20-27° C.; and

(xviii) isolating pure vorinostat from the mixture obtained
in step (xvii).

Preferably, by utilising the same organic solvent in steps (a)
and (b), pure vorinostat can be obtained without isolation of
any synthetic intermediate(s).

A preferred embodiment of the second aspect of the
present invention is illustrated in Scheme 9.

Scheme 9

HO. OH

NH,OH-HCJ,
—_—
DCC, CDI

\”/ (CHy)s \”/
(@] (@]

suberic acid
HO NHOH
T T
_—
(0] (0]

DCC, CDI
N-hydroxy-7-carboxy-
heptanamide

i
N\ﬂ/(CHZ)6 \"/NHOH
©/ o} 0

suberoylanilide hydroxamic acid (I)

(CHa)s

The process according to the first or second aspect of the
present invention is a very short, efficient process for the
production of substantially pure vorinostat with no require-
ment for cuambersome purification techniques. Therefore the
process of the present invention is extremely suitable for
commercial production of substantially pure vorinostat.

The pharmaceutical composition according to the sixth
aspect of the present invention can be a solution or suspen-
sion, but is preferably a solid oral dosage form. Preferred oral
dosage forms in accordance with the invention include tab-
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lets, capsules and the like which, optionally, may be coated if
desired. Tablets can be prepared by conventional techniques,
including direct compression, wet granulation and dry granu-
lation. Capsules are generally formed from a gelatine material
and can include a conventionally prepared granulate of
excipients.

The pharmaceutical composition according to the present
invention typically comprises one or more conventional phar-
maceutically acceptable excipient(s) selected from the group
comprising a filler, a binder, a disintegrant, a lubricant and
optionally further comprises at least one excipient selected
from colouring agents, adsorbents, surfactants, film-formers
and plasticizers.

If the solid pharmaceutical formulation is in the form of
coated tablets, the coating may be prepared from at least one
film-former such as hydroxypropyl methyl cellulose, hydrox-
ypropyl cellulose or methacrylate polymers which optionally
may contain at least one plasticizer such as polyethylene
glycols, dibutyl sebacate, triethyl citrate, and other pharma-
ceutical auxiliary substances conventional for film coatings,
such as pigments, fillers and others.

The details of the invention, its objects and advantages are
illustrated below in greater detail by non-limiting examples.

EXAMPLE 1

Stage 1: Conversion of Suberic Acid to Suberanilic
Acid

A mixture of CDI (0.5 eq) and DCC (0.8 eq) in THF (15
vol) was stirred for 1 hour at 25-30° C. Suberic acid (1 eq) and
aniline (1 eq) in THF (1 vol) was added and the mixture stirred
for a further 16-20 hours. The solid by-product was removed
by filtration and the filtrate was concentrated in vacuo at 50°
C. The solid residue obtained was treated with a solution of
KOH (2 eq) in water (10 vol) and stirred for 30 minutes at
25-30° C. and any solid by-product formed was removed by
filtration. The filtrate obtained was heated at 60° C. for 3-4
hours and cooled to 20° C. before addition of an aqueous
solution of HC1(17.5%, 3 vol). The mixture was stirred for 30
minutes and the solid filtered, washed with water (2x5 vol)
and dried under vacuum at 60-65° C.

Molar Yield=60-65%

Purity by HPLC=99.5%

Stage 2: Conversion of Suberanilic Acid to Crude
Vorinostat

The suberanilic acid (1 eq) obtained in stage 1 was dis-
solved in DMF (5 vol) and CDI (2 eq) was added at 25-30° C.
and maintained for 30 minutes under stirring. Hydroxylamine
hydrochloride (4 eq) was added and stirring continued for 30
minutes. Water (25 vol) was then added and the mixture
stirred for 2 hours. The precipitated solid was filtered, washed
with water (2x5 vol) and dried under vacuum at 50° C.

Molar Yield=70-75%

Purity by HPLC=99%

Stage 3: Purification of Crude Vorinostat

Aqueous ammonia (2.5 vol) was added to the crude vori-
nostat (1 eq) in acetonitrile (15 vol) at 25-30° C. The mixture
was then maintained at 55-60° C. for 1 hour before being
cooled to 20-25° C. and being stirred for a further hour. The
resulting solid was filtered, washed with acetonitrile (2x0.5
vol) and dried under vacuum at 45-50° C. for 5 hours.

Molar Yield=55-60%

Purity by HPLC=99.8%
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EXAMPLE 2

Stage 1: Conversion of Suberic Acid to Crude
Vorinostat

A mixture of CDI (0.5 eq) and DCC (0.8 eq) in THF (15
vol) was stirred for 1 hour at 25-30° C. Suberic acid (1 eq) and
hydroxylamine (1 eq) in THF (1 vol) was added and the
mixture stirred for a further 1 hour. Then CDI (0.5 eq), DCC
(0.8 eq) and aniline (1 eq) were added to the mixture and the
mixture was stirred for a further 16-20 hours. The solid by-
product was removed by filtration and the filtrate was con-
centrated in vacuo at 50° C. to obtain crude vorinostat.

Molar Yield=55-60%

Purity by HPLC=95.8%

Stage 2: Purification of Crude Vorinostat

Aqueous ammonia (2.5 vol) was added to the crude vori-
nostat (1 eq) in acetonitrile (15 vol) at 25-30° C. The mixture
was then maintained at 55-60° C. for 1 hour before being
cooled to 20-25° C. and being stirred for a further hour. The
resulting solid was filtered, washed with acetonitrile (2x0.5
vol) and dried under vacuum at 45-50° C. for 5 hours.

Molar Yield=35-40%

Purity by HPLC=99.8%

It will be understood that the present invention has been
described above by way of example only. The examples are
notintended to limit the scope of the invention. Various modi-
fications and embodiments can be made without departing
from the scope and spirit of the invention, which is defined by
the following claims only.

The invention claimed is:

1. A process for the preparation of vorinostat comprising:

(a") reacting suberic acid with hydroxylamine, or a salt

thereof, to form N-hydroxy-7-carboxy-heptanamide;
and

(b") reacting the N-hydroxy-7-carboxy-heptanamide

formed in step (a') with aniline, or a salt thereof.

2. The process according to claim 1, wherein:

(1) step (a") involves a coupling agent; and/or

(ii) step (a") involves a coupling agent selected from 1,3-

dicyclohexylcarbodiimide (DCC); 1,1'-carbonyldiimi-
dazole (CDI); 1-ethyl-3-(3-dimethylaminopropyl)-car-

bodiimide hydrochloride (WSC.HCl); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof;
and/or

(iii) step (a') involves a coupling agent, wherein the cou-
pling agent is 1,1'-carbonyldiimidazole (CDI); and/or
(iv) step (a') involves a coupling agent, and wherein the
total amount of coupling agent used in step (a') with
respect to the suberic acid is between 1 to 5 molar
equivalents; and/or

(v) step (a') is carried out in an organic solvent; and/or

(vi) step (@) is carried out in an organic solvent selected
from dimethylformamide (DMF), tetrahydrofuran
(THF), dichloromethane (DCM), acetonitrile, 1,2-
dichlorobenzene, ethanol, or a mixture thereof; and/or

(vii) step (a') is carried out in DMF; and/or

(viii) in step (a') hydroxylamine is used in the form of a salt;
and/or

(ix) in step (a') hydroxylamine is used in the form of the
hydrochloride salt; and/or

(x) the total amount of hydroxylamine, or its salt, used in
step (a') with respect to the suberic acid is about 1 molar
equivalent; and/or

(xi) step (a') is carried out at a temperature of between
10-60° C.
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3. The process according to claim 1, wherein:

(1) step (b") involves a coupling agent; and/or

(ii) step (b") involves a coupling agent selected from 1,3-
dicyclohexylcarbodiimide (DCC); 1,1'-carbonyldiimi-
dazole (CDI); 1-ethyl-3-(3-dimethylaminopropyl)-car-

bodiimide hydrochloride (WSC.HCl); 1,3-
diisopropylcarbodiimide (DIC); or a mixture thereof;
and/or

(iii) step (b') involves a coupling agent, wherein the cou-
pling agent is a mixture of 1,3-dicyclohexylcarbodiim-
ide (DCC) and 1,1'-carbonyldiimidazole (CDI); and/or

(iv) step (b") involves a coupling agent, wherein the cou-
pling agent is a mixture of 1,3-dicyclohexylcarbodiim-
ide (DCC) and 1,1'-carbonyldiimidazole (CDI), and
wherein the mixture of CDI and DCC is in a molar ratio
range 0of 0.1:10 to 10:0.1 CDI:DCC; and/or

(v) step (b") involves a coupling agent, and wherein the total
amount of coupling agent used in step (b') with respect to
the N-hydroxy-7-carboxy-heptanamide is between 1 to
5 molar equivalents; and/or

(vi) step (b") is carried out in an organic solvent; and/or

(vii) step (b') is carried out in an organic solvent selected
from dimethylformamide (DMF), tetrahydrofuran
(THF), dichloromethane (DCM), acetonitrile, 1,2-
dichlorobenzene, ethanol, or a mixture thereof; and/or

(viii) step (b") is carried out in THF; and/or

(ix) step (b") is carried out at a temperature of between
10-60° C.

4. The process according to claim 1, wherein:

(1) step (a') and step (b') are carried out in the same organic
solvent; and/or

(ii) step (a') and step (b') are carried out in the same organic
solvent selected from dimethylformamide (DMF), tet-
rahydrofuran (THF), dichloromethane (DCM), acetoni-
trile, 1,2-dichlorobenzene, ethanol, or a mixture thereof;,
and/or

(iii) step (a') and step (b') are carried out in the same organic
solvent selected from THF, DMF, or a mixture thereof;
and/or

(iv) an activating agent is used in step (a') and/or step (b');
and/or

(v) an activating agent is used in step (a') and/or step (b'),
and wherein the activating agent is selected from cyanu-
ric chloride, cyanuric fluoride, catecholborane, or a mix-
ture thereof, and/or

(vi) vorinostat is obtained with an HPLC purity of more
than 99%.

5. The process according to claim 1, further comprising the

step of isolating vorinostat.

6. The process according to claim 5, wherein the vorinostat
has an HPL.C purity of more than 99%.

7. The process according to claim 6, wherein the substan-
tially pure vorinostat has an HPL.C purity of more than 99.5%.

8. The process according to claim 5, further comprising the
step of combining the vorinostat with one or more pharma-
ceutically acceptable excipient(s) to provide a pharmaceuti-
cal composition comprising vorinostat and one or more phar-
maceutically acceptable excipient(s).

9. The process according to claim 8, further comprising the
step of administering to a patient in need thereof a therapeu-
tically effective amount of the pharmaceutical composition to
treat cancer and/or skin cancer and/or cutaneous T-cell lym-
phoma (CTCL).

10. Vorinostat as prepared by a process according to claim
1.

11. Vorinostat according to claim 10, wherein the vori-
nostat has an HPL.C purity of more than 99%.
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